Wheel dressing is an important action in the grinding process. This paper reports on the comparative study of the performance of two types of diamond dresser tool measured in terms of ground surface roughness. For experiments were used two types of dressers, single point and multi-point diamond dresser. In addition to the dresser tool, the wheel dressing speed and dressing depth were taken into account as dressing variables. Cutting conditions were a constant; the results of dressing were observed for bearing steel 100Cr6. The experimental study was designed using an orthogonal array and experimental data were processed by the analysis-of-variance method (ANOVA). The results show that with a 95% confidence, dressing with a multi-point diamond tool results in a smoother ground surface than with a single point diamond tool. As expected, wheel dressing speed and dressing depth also have significant effects on surface roughness. However, wheel dressing speed is much more influential than dressing depth.
INTRODUCTION
In grinding, the grinding wheel has to be dressed periodically to restore wheel form and cutting efficiency [1, 7] . In diamond dressing, a number of parameters govern the process, including dressing depth, dressing lead/traverse rate, the type of dresser used and number of dressing passes [2, 3] . Owing to the significant effects of dressing conditions on the shape and distribution of abrasive grits, which directly affect grinding quality [4, 6, 8] , grinding wheel wear, grinding force and grinding efficiency [9, 11, 13 ] the importance of proper dressing of grinding wheels on precision machining cannot be emphasized too strongly.
This article describes an investigation into the performance of a single point diamond dresser and of a multi-point diamond dresser in cylindrical grinding of bearing steel [12] . Grinding wheel speed for dressing (vs) and dressing depth (a d ) were also studied as independent variables. In grinding, which is commonly used as a finishing process, the quality of the generated surfaces is mainly evaluated by its roughness [4, 6, 10] , thus the ground surface roughness was selected as the dependent variable. By means of analysis-of-variance (ANOVA) the performance of the two diamond dresser tools was compared with regard to ground surface roughness [5] . The percent contributions of grinding wheel speed and dressing depth to the total variation of surface roughness were evaluated in order to determine the significance of these two parameters for surface roughness. 
EXPERIMENTAL STUDY
Three dressing parameters, namely grinding wheel speed for dressing (v s ), dressing depth (a d ) and type of dresser were chosen as the variables. Grinding wheel speed was set at the three levels: 10 m/s, 20 m/s and 30 m/s; dressing depth was set at the three levels: 0.02 mm, 0.04 mm and 0.08 mm. Two types of dressers were tested, single point diamond dresser (SP) and multi-point diamond dresser (MP). During dressing, the transverse rate of dresser was maintained at 1.0 mm/s and the dresser was cooled with cutting fluid at flow rate of approximately 10 l/min (cutting emulsion Robol 5% -produce company Triga). The design of experiment methodology is detailed in Tab. 1, together with the recorded data.
Tests listed in Tab. 1 were conducted in a random order. In every dressing test, the wheel was firstly dressed with a constant dressing depth of 0.08 mm for one pass, and then dressed with the set dressing depth to enable study of the subsequent pass. For each dressing test, four cylindrical surface grinding tests were undertaken successively. All grinding tests were completed on a cylindrical grinding machine (TOS BU 16). A SG grinding wheel (∅300×32 mm), cutting fluid and a bearing steel workpiece (∅85×20.55 mm) of hardness of 62 HRc were employed. Grinding parameters were: grinding wheel speed = 30 m/s, workpiece speed = 20 m/min, in feed speed = 0.26 mm/min. To determine the resulting roughness, for every grinding test three measurements were taken at three different sections across the thickness of the workpiece with a Hommel Tester T1000 profilometer, produced by Hommelwerke GmbH. Hence each roughness value presented in Tab. 1 is the average of twelve measured roughness values. In each measurement, four surface parameters, Ra, Rz, Rmax, Rt, were recorded. The scan distance was set at 4.8 mm and single sampling length at 0.8 mm, as shown in Fig. 1 . 
EXPERIMENTAL RESULTS
The experimental data in Tab. 1 were processed to obtain the relationship between ground surface roughness and dressing parameters. This relationship is presented graphically in Figs. 2, 3 and 4. 
STATISTICAL ANALYSIS OF RESULTS

Effect of Dresser Type
The p-values for the interaction terms, dresser * v s and dresser * a d , indicate that the strength of the effect of dresser type is dependent also on grinding wheel speed and dressing depth. To get an objective view of the impact of the dressing, it will affect the speed of the disc and the depth of dressing observed on two different types of dresser. However, the interaction between grinding wheel speed and dressing depth cannot be confirmed, owing to the large p-values.
Multivariate analysis of experimental data variance obtained in single point diamond dressing was shown in Tab. 4. According to the F-test p-values, it can be determined that both vs and a d are statistically significant for Ra at confidence level alpha = 0.05. Based on variance components estimates, 76.67% of the total variation in Ra was due to the differences between v s levels, while 18.82% resulted from the differences between a d levels. For Rt, v s is still a more significant factor, contributing a dominating percent, 83.40%, to its variation. It is reasonable to conclude that in single point diamond dressing and for the conditions studied, grinding wheel speed has a much stronger influence on Ra than dressing depth and Rt is strongly influenced by grinding wheel speed. Tab. 5 is the ANOVA data for Ra and Rt obtained for multi-point diamond dressing. As the p-values for v s are rather small, there is significant evidence for v s main effects on Ra and Rt at alpha = 0.05 level. It contributed 59.90% and 66.27% to the total variation of Ra and of Rt, respectively. Likewise, the tests also indicate that factor a d has a significant effect on surface roughness, by contributing 29.71% to the total variation of Ra and 29.28% to the variation of Rt. Hence a d was approximately half as influential as v s . Compared to its effect in single diamond dressing, there is evident improvement. Therefore, in multi-point diamond dressing, considerable attention should be paid to the choice of dressing depth while strictly controlling grinding wheel speed in order to obtain a desirable dressing result.
The variation in Error values imply that the experimental conditions were well controlled and the experimental data are reliable. 
APPLICATION IN PRODUCTION
The results were applied in optimizing the grinding of pin from steel 100Cr6. To achieve a good surface the multilevel feed of grinding wheel was used (Fig. 5) . Feedrate was changed from 6.7 mm/min to 1.5 mm/min in the last step. Due to the use of abrasive grain Cubitron II the dressing depth was not changed, but three sizes of dressing speed were used in verifying test. For the dressing was used multi-point dresser. The peripheral speed of the grinding wheel was constant for all measuring -45 m/s. During the optimization also the time of grinding was taken into account -time which was based on the initial state at the grinding, when the surface roughness Ra = 0.39 µm was achieved. Fig. 6 shows a high dependence of the surface quality on the longitudinal velocity of dresser, can simultaneously evaluate the effect of single degrees of feed rate of the tool in the working phase. It seems the dressing speed 50 mm/min is the most appropriate at the gradually decreasing feed speed from the value 6.6 to 2.5 mm/min (cycle A) - (Fig. 7) . With this procedure, we achieve the repeated roughness Ra under 0.18 µm. on CNC grinding machine. Under graph, we can then track the individual average values of surface roughness Ra and Rz. In said application at the using grinding wheel with grains of Cubitron II, this dependence is in force:
CONCLUSION
The conclusions drawn from this study are: 1) multi-point diamond dressing can result in a smoother ground surface than single point diamond dressing; to a certain degree, the effect of dresser type depends also on grinding wheel speed and dressing depth; 2) in single point diamond dressing, grinding wheel speed for dressing has a dominant effect on surface roughness in terms of Ra and Rt, while dressing depth has only limited effect on Ra and no significant effect on Rt; 3) in multi-point diamond dressing, both grinding wheel speed for dressing and dressing depth are statistically significant to surface roughness. However, grinding wheel speed is twice as effective as dressing depth; 4) the value of surface roughness can be determined using the mathematical relations:
for single point dresser - 
the applicability of the relations has been verified by many experiments.
These values may provide the basis for further studies with differing abrasive and work material types.
